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(541 NITRIDE SEMICONDUCTOR LASER DEVICE AND METHOD OF MANUFACTURING THE SAME, , 
SEMICONDUCTOR OPTICAL DEVICE PROVIDED THEREWITH 

(5?)Abstract 

PROBLEM TO 8E SOLVED: To provide a nitride semiconductor device 
with reduced crystal defects inside and reduced stress, and also to 
p nx, <Je a se v r ~ P* the nil 

semiconductor laser device, 

SOLUTION: On the surface of an n~type CaN substrate 10 which ^ 
consists of low dislocation regions 12 and dislocation concentrated 
regions 1 1 wherein crystal defects are heavily concentrated, which are i& * 
arranged alternately in the stripe geometry, a growth suppression film 13 
for suppressing the growth of a GaN crystal is so formed as to cover the 

cation concentrated regions. On the n-type GaN substrate formed 
wi f I c growt ■ ^ ' n 13, a GaN crystal Is epitaxiaiiy grown to 1$ . 

form a nitride semi conductor layer on the n-type GaN substrate, 
resulting on fabricating a nitride semiconductor laser device having a low *'* ' 
concentration of crystal defects. 




* NOTICES * 

M m4 iWU are not responsible for any 
dosages caused by the us« of this translation. 

i .This document has been translated by computer. So the translation may not reflect the original precisely. 
2,**** shows the word which can not be translated. 
3„In the drawings, any words are not translated. 



CLAIMS 



[clatm ?]A nitride semiconductor laser element which comprises a nitride semiconductor substrate and a nitric 



semiconductor layer laminated on this nitride semiconductor substrata, comprising: 

Dislocation concentrated regions of stripe shape which a crystal defect concentrates [ said nitride 

semiconductor substrate j, 

A low dislocation field except these dislocation concentrated regions, 

i.Ciairrs 2jThe a t 3e duet or lase - )ei - a rd ng to c a t vhich *s: of said s ppressbrs 

film is a line, and is characterized by covering said each dislocation concentrated regions with a growth 
suppression - for these every , \o or more books while said growth suppression him in two or more f every ] 
is provided so that it may bosoms the shape of a child of a reed screen to said each of dislocation concentrated 
regions. 

Oiaim ; i > or more [ which was provided oc entrats 

regions ■'" said every ., < width - 1 nvcromaters or more 10 micrometers or loss. And the nitride 
ssmicondu* 1 , - -mrd gto < j ~m vN ein i sol field with which It as pro « I s< t a a? 

Interval with the next growth suppression film might be located in a hue In parallel and might be located at 1 

^ r r te Dre nd width and an interval of a grc for these 

every two or more books were doubled covers said each dislocation concentrated regions. 

* »aN film which has the n type c i ctmlstic c 

surface of said nitride semiconductor substrate so that sale t , ^ , , , <■ - < 

icondt ctor substrate is the n type s - clam 

3 are, and it can shift, and Is a nftride semiconductor laser element given In **. 

[Claim BjThe nitride semiconductor laser element according to claim 4 to which thickness of a GsN film which 

s 1 t characterized by 1 -micrometer or re : 

less. 

[Claim 8]The 5 > do 1 ctor 0 ?e? element according to any one of claims 1 to 5, wherein thickness of 

said growth s : 3 essi - ; ? 05 micrometers or more 1 micrometer or less. 

[Claim 7j The nhtiuc semiconductor laser element according to any one of claims 1 to 8. wherein said growth 
v > i 1 ©u v <■ n < s v n < T t orane or a metai membrane. 

[Claim 8}The nknd& semiconductor laser element according to claim ?, wherein said growth suppression film Is 
ethers Si0 2 film, an Si 3 N 4 film, a titanium film or a tungsten film. 

[Claim gjThe nitride semiconductor laser element according to any one of claims ! to 8 while said nitride 
semiconductor layer has a quantum well active layer, wherein this active layer co •> 
by !n x Qa w N (0<x<1). 

[Claim H'ljThe nitride semiconductor laser element according to claim 8 characterized by one of elements 

' f 'm v nt groups of As, P, and Sh. 

I Claim 1 1jThe nitride se.mieoncucuv laser element according to any one - e ->c - Us 

semiconductor substrate Is a GeN board, 
[Giaim 1 2j A nitride seiricorutictor substrate. 

A low v o v - ^ ■> o 0 centrated regions and these dislocation concentrated regions of 

stripe shape which a crystal defect concentrates in a manufectui athod of a ? se conductor user 
''t ,w * v ' ' f to 

thod of a itfjat, se - ^tove 

md cm ;rs s - ^ <mce c^b Arte; forming a grc soppressio com els , 

semiconductor crystal growth, said nitride semiconductor layer is laminated by growing up said nitride 

> > - i nitridi idi cor substrate n wi n was 

provided. 

[Claim 13]A manufacturing method of a nitride semiconductor laser element changing into the state where only 
said a 00k: 1 .3 centrated eg ns vs - vered % sc 

providing said growth suppression film throughout the surface of said rrtrlde semiconductor substrate. 
[Claim l4jVVhile the conduction characteristic of said nitride semiconductor substrate is the n type conduction 
characteristic, After covering said dislocation concentrated regions with said growth suppression film, so that 
m- *=c 3 *~ - >- * a\ ? ^ c est -a \"-o id > 
wae 5 - - emiconductor substrate, and grc g up said nitride se o 

crystal on the surface of this formed GaN film. A manufacturing method of the nitride semiconductor laser 
element according to claim 13 or 14 laminating said nitride semiconductor layer. 

[Claim lojA semt :uo.:cmr optical apparatus using the nitride semiconductor laser element according to any one 



of claims 1 to 1 1 as s sight source, 



i.nd < 3 .a 1 ", 
caused by the use of this translation. 



1 .This document Has been translated by computer. So the translation may not reject the origins! precisely. 

**** d coated 
3.ln the draw rgs any < is arc r : a maiei 



DETAILED DESCRIPTION 



\ ta ed D < 5 ntio 

Fs ;ld of the Invent? cruTh is tic stes to t tricie sen < c N - st 1 1 " o 

laminating a nitride semlccrdyctor layer on a nitride semiconducto < " v. o % 

"'^""'ox rent 

£00023 

[Description of the Prior ArijThe nitride B3-V fellows semiconi <mc v \ 

system semiconductor") which comprises a compound of group II! elements, such as aluminum, Ga. arm In, and N 

\' ^ v e«o e ernes ts vs as expo " " « 

and chemical stability, and application has been tried. For example th« rla «vhic - iride 

semiconductor laser element which laminates a GaN system semiconductor and emits light in blue laser on 
silicon on sapphire (alumlnum^C^) era SIC substrate is performed briskly. 

[0003] However, if a GaN crystalline thin film is grown up on silicon on sapphire and a D;G a, many 

one t: sucr as em will be aire need it , pitaxiai aye* iron the (Terence in the grating 

constant 1 - s > ai Ti 1 e \ fm<ase o- \ , v tor lase 

* uwt a defect Deeomes a trigger, grids structure is confused and there Is a 
possibility that a c - 4 1 0f 

sapphire the; a Is a a- obia: * also in respect of a life. It is considered that t - - N 

restricted the life o- a nitride 1 , . laser element 

[0004] As for the ^.;oom:-m used for a GaN system semiconductor ae * 

< C \ * "C i^ * I Ox 

substrata and the -.castrate 's lost Ssnce GaN has cleavabifity tne process of outti ( - c p 

becomes easy. There is conductivity In a GaN crystal and electrode * - ~ - —o 

GaN single crystal for a substrate at such a point. 

[QGOSjThe nitride semiconductor laser element using the GaN boam? a " = — " N l ° 

Japa-ese =jow la! - v 

page (dpn.J.Appl.Phys.Voi.39(2000)pp.L647---8oO), This nitride semiconductor laser element, is constituted by 
forming the SIO, 5 mash pattern which has an opening of periodic stripe shape on a GaN board, and forming on 

s the la te t e of a nitride s conductor wh has J pes? 
structure). 

"m* o cvv, g ">e,^ca m x h - * 

in whlort the ShiA roost oatterr; which has an ooening of stripe shape for every cycle of 20 micrometers was 
formed. By the MOCVD method (fvletaiorganlo Chemical VaporDepositlon). the GaN , of 15 •micrometer 

^ ^ - * > - - - * a * - ~ * GaN ^ a e JT s 

roioromoter- thick- .ess was formed by the usual HVPE method (Hydride VaporPhase Epitaxy), and the GaN board 
was manufactured by removing a ground The life characteristic of the obtained semiconductor laser ;s a 30- mW 
output condt - "a 1 "" estmatec - op rc, ours 

[0007] 



- s rt b S< went d r, in an ahove~n I nitride s« c 

the manufacturing method est the GaN board needed 3 times of crystal growth (HYPE growth, MOGVD ground 
growth, MOGVD laser structure growth), It was complicated and there was a problem in productivity. Still a life 
characteristic was rot ene ch et ex v i *v e- ts e ^ ted tempted: e s m m _ m< 
characteristic in high-output nor example. 70 SOmVY) condition;;. The tali of the \m w *-•=■ w-. which 
appears in the growth membrane surface after the- laminated-structure growth which leads to the tali o? the yield 
at the time of manufacture may be produced. 

!0 v crystal defect = rearrangement) to which these cubisms exist In a nitride semiconductor laser 
element s the cans an =$s f " 1 - def« t. it is us y checkc i GaN that th 

defector ih a < urG' exists ir he i . strata face the high-output conditions which the field of low 
defect density will be obtained and have beers a technical problem if the means of bending this crystal defect or 
3f sufficient eiem fa sas a mechanism whlc 

a<o>-- ' > > ♦orrned in a Gab boa kN - o 

probability N » - , aj of the yield from which a crack becomes a cause does not 

vU>0 yiew of i * c c - ect of this invention is to provide the semiconductor optical apparatus 

provided with the nitride semiconductor laser element by which stress was eased while the internal crystal 

Gn t >•< > 4. 3ser element 

[0010] 

[Mea^s *"or So w c *~e " i *jp the above objects, a nitride semiconductor laser element . this 

invention. In a nitride semiconductor laser element which comprises a nitride semiconductor substrate and a 
nitride semiconductor layer laminated cm this nitride semiconductor substrate. Ww e . - cv \ r eon iucter 
substrate is s substrata possessing dislocation concentrated regions of stripe shane which a crystal defect 
concentrates, a ese disioc concent i oGng up said 

nitride ssmleondu , o a semiconductor substrate which has a growth su^-essb.n fie; which 

- v o o . , .u ywel growth in a position which covers said dislocation concentrated regions 

t < <- - - \ i c , ^ t in' 

It Said nitride semiconductor layer Is laminated. 

I ( o v controlling propagation of a rearrangement which Is a crystal defect from dislocation 
coree s op-esSiOn flm, and a high-de s s > sadlng n a r t i de 

semiconductor layer by doing in this way, when making a nitride semiconductor layer laminate on the surface of 
a nitride semiconductor substrate. Therefore, crystal defect density in a nitride semiconductor layer can be 
made low, 

t 2] V s \ rae^sor film Is a line, and saso ; \ * <. 

syery j is pro « err.eni o that c " 

ai\ t " > v. - T ~ } -> s - c = d - - v > - 

be made > ^ s " a s i r ~c these every two or more bocks. Compared with a case 

where a nitride semiconductor layer w laminated in the state where It becomes easy to combine g nitride 
semiconductor crystal which grows from a low dislocation field and a v c. ? •* avlded 

' |' m ^ u * ) - ^ ^ , t or > v, v 

1.001 3jic a growth suppression film In two or more ( which was provided to said each dislocation concentrated 

" f s o* mc ~e 10 micrometers or less. And It is 

provided so that an Interval with the next growth suppression him may be located In a line in parallel and may he 
located at 1 micrometers or more 10 micrometers or less, and each field with which width and an Interval of a 
growth suppression film for these every two or more books were doubled covers said each dislocation 
concentrated regions. 

[00!4]While making the conduction characteristic of said nitride semiconductor substrate into the n type 
conch on characters Sine 3 GaN " - tvhich becomes flat [ he dac 5 - film which has 

the n type conduction characteristic on the surface of said nitride semiconductor substrate can be formed so 
that i gro so > may be covered. \ >pagat!or of a nig r i t to tride 

semiconductor layer can be prevented. By using a nitride semiconductor substrate as a n type conductive 
substrate with high resistance, since a nitride semiconductor layer is laminated in order of a n type end a p type, 
the surface smoothness of the surface of a nitride semiconductor layer which carried out crystal growth can 
mprov« more, and a t d of current fo? output! g ase ca f do ewe. a M this time. th ; c ss of a Gap 

film which has said n cype conduction characteristic shall be 1 micrometers or more 20 micrometers or ;ess. 
LOOIDjVth ie giving an ewect. of a growto suppression film. Influence by a grovth suppression films ss prevented 



ause thickness of said g? ; c " - - >H ' I meters 

said growth suppression film be siheon compound membrane or a metal membrane. Said growth suppression fiim 
is used as either a SiO. ? frm. an Si 3 N 4 fiim, a titanium fiim or a tungsten film at this time 
[0O18^> s n ride ssm - c^i !a^r esemert mentioned above, > h e, sen eonductc ayer 

quantum well active layer. You may makes it this active layer contain a well' layer constituted by In Gdj N (0< 
x s < i s a en e *s tain a J3 *,e er at least en t g ot ps of As P v» v 

Sb further, it is pswbwred that said nitride semicc 1 tor substs it is a GaN board, 

[0017JA ma - e ar den c fa * a g 

method of a r.rt-ide semiconductor laser element which comprises a nitride semiconductor substrate and a 
nitride c nated on this is se ct ubstrate, in s top of said nitric 

defect 

concentrates, and a low dislocation tide except these disieoatlon concentrated regions, After forming a growth 
suppression 1 < - , s nit > i mo crysta growth in a position \ ch co\ >a slo al >n 

concentrated regions, said nltr;de semiconductor layer is laminated by growing up said nitride semiconductor 
crystal on said diode semiconductor substrate In which this growth suppression film was provided. 
[0Q1 8] After providing said growth suppression film throughout t - s 

substrate at this time, only said dislocation concentrated regions ma 

was covered with said growth suppression film, by peHx> n ?. olio teristic of said 

nitride semiconductor substrate is die n type conduction characteristic. After covenm; said dislocation 
concentrated regions with said growth suppression film, so thai th«s g> v . - - ■< v /•u" 

You may make It laminate said nitride semiconductor layer by forming a GaN film which has the n type 
conduction characteristic en the surface of said nitride semiconductor substrate, and growing up said nitride 
semiconductor crystal on the surface of this formed GaN fiim. 

30 9] A ca apparatus of this invention uses as a light source a < t • iuct 1 re 

element which was mentioned above. 
[0020] 

[Embodiment of the mventionlBelow, the embodiment of this invention is described with reference to drawings. 
The nitride semiconductor layer laminated by the nitride semiconductor substrate (GaN board) in this 
specification is a layer which comprised aluminum., Ga Jn,N (0<~x<-1, Q<-y<~1, Q<~z<~h x+y+z-1) at least. About 
10% or less (however, it is a hexagonal system) of the nitrogen elements in v* ch tm ^ s <• Hay* 

constitutes this nitride semiconductor layer may be replaced by which element at least among the element 
groups of As, P. and Sb. 

[0021] As for a nitride semiconductor layer, which impurity may be added at least among Si, O. CI, S t C, 
germanium, Zn. Gd. Mg, and the impurity group of Be. Below 5x10 20 cnT 3 of the total addition of the Impurity is 
[ more than 5x10 i7 om" 3 j preferred. As for es>. - ally an Impurity for said nitride se - e t ave 

typ« conduc t s s " -amum, S, and Ss hey are 

* d vity *as preferred any of Mg, Cd, and Be. 

f0022jThe active layer in ■> specification shall --efer to the general term of the layer which comprised a well 
layer or a well layer, and a barrier layer. For example, the active layer of single quantum well structure comprises 
only one well layer, or comprises a b&n\or layer / a well layer / a barrier lays? The act ayer of n dtipie 
quantum well structure comprises two or more well layers and two or more barrier layers. 
"J}02Z"S x i < -*i v 5 m - <■ 

expressing shaft orientations and a plane direction. The c axis which an a-axls and a b-axls make 120 degrees, 
and i die i thes« i - t - sn a-axls 

Coda). Since symmetry Is lost when, the direction of ah side is expressed only with an aw. and a b-axis, 
another axis is assumed d axis is temporarily set as this. Since a. b, and d axis introduced d axis excessive I one 
more ] so that symmetry might not be spoiled although they .could fully specify the direction only by a and a h~ 
u/ N s lapended 

r0024]Supposing it expresses one parallel plane group as four indices iklmn). I hear that the distance from the 
starting point of the point that count from the starting point and the field of the 1st sheet cuts an a~axls, s b- 
a x s, d axis I c axis is a/k, b/1, d n, ana c n and this has tl em "O s s the same iefin t en as the case c~ 
other crystal systems. However, since a, b, and d axis are redundant coordinates included in a flat surface, k. L 
and m are not independent and are always kd+m-O. About c axis, it Is the same as cases, such as a cubic. When 
there are n equivalent parallel surfaces in c axis unit length, the Index of the direction of s is set to n Therefore, 
although there Is symmetry-ofwevolution nature among four indices about three in , front, tne mdex of o axis is 



independent 

[OG253Eadh plane direction Is expressed by ( X {— ] expresses a collective plane direction. T! at it is collective 
v ^ j piarse dlrec s v> c < reach by a the symmetry operati i w oh ie rysta -yste^ 
allows a certain plans direction. The same Index also expresses crystal orientation Crystal orientation uses the 
same index as the index of a field vertical to it. An individual direction Is expressed with [ — 1. A set direction Is 
expressed by <--> They were explained In order to avoid confusion, although these are the common sense of 
crystallography. As for the index of minus, it is intuitively intelligible that a horizontal line Is drawn sod shown on 

» r> soars s of crysi ograph -owever< smce a hornet 2 - bs drawn on a \ut 

~ is attached before a number here end a negative number is ahowrs. 

[QQ26]<tba niencfsoturlng receded of a GaN beared - first, in order to produce a nitride semiconductor laser 
elemeni theme sotu > nsthoc of the GaN board which fo - , d - , to*" lays the surface I? 
^aon t - « r „ * " a figure showing the manufacturing process of a n type GaN 

board. 

[002?]!n the crystal growth at the time of manufacturing this n type GaN board, it has dent Face whie 
ons sts f facet surfac up. A bseet ; rface s.n * * ^ " - v ^ e*~ 

<l e used as this facet sod grcv 

can be made to be able to spread to a growth direction and a position o? be gaihe c f - 

facet surface gr ~ - s ^ ocation field by movement of a crystal defect (~ rearrangement). Growth 

o ! - *ne o - - — \ . - ,0- - - ad a clear boundary in the lower part of the slant face used as a 

facer w,'-w e seer at rearrangements may gather to the c-v o\v * of bus GaA"deesiiy 

x e * - on concentrated reg on-' 0 \v -n * N v> * 

disappears o ;e " ns / defect region. 

[0028 At this tic i of a facet surface also changes with scape o i N ; 

v yes as dot form, it is formed so that c nd a higf 

density defect region, and (he pit which comprises a facet surface is formed. When a high-density defect region 
serves as stripe shape, as it becomes a bottom about the portion used as the stripe of this high-density defect 
-eglen, toe s as t face s* -5 'ace. surface is *ormed in the both sides of s high d< * . < 

becomes V shape. 

order i sity defect region, it is necessary to forn beuweh; c norphc - 

ich is a layer of poiycrystal in ths a -a> r orms c Feet 

region on the support base used as a substratum substrate. Thus, when th >• eol fo nation 

grows up GaN into the support base formed on the surface, a high-density defect region is formed in the field 
ght above \nd - by hamng this 

> o,r de <v tv dedm; w ? g up a GaN layer, a facet surface can be maintained and growth can be 

advanced, 

[0030] 1 «v != b/pe GaN layer 22 on the support bss i - ve 

?,row'h - p e~ c n \ ma n ex ess on the surface v -22 

- ! . ew tern be ves as s*«- 

Ho m\ i ■■ se >ort on which I OOi le 28 exoressed is slightly generated by stripe shape In the vertex 
vicinity of heights. 

[0031 jHere. the HVPE method blows HCi gas into Ga melt which established Ga boat In the upstream part of the 

arms the base 21 for growing op GaN lex * r 25 ' - a ti ea; 1 

ofareacto a MH^ And HCI is b nb; leated Ga metal (melt), GaCi is compounded, send below, it is 

made to react to NH,^ in a lower part, GaN is compounded, and it is made lor GaN to accumulate en a substrate. 
[00323A 2-inch C'l 1 1} GaAs wafer was used as the base 2G imevenress Is P~ 400~micrometer-Ditch pericecal 
structure ~~ a drawing depth direction — a ridge ~~ it has shape extended to **. This GaAs wafer grows up 
GaN, and since it oan remove easily when removing after producing the ingot or the n type GaN sayer 22 
mentioned later It. >< suitable compared with the sapphire wafer etc. Thus, what is necessary is to fern- the mask 

5 > above-m w ' 0 o *ear*3wne' ormatk of S 

corresponding to the .e!;o\n : -mentioned crevice beforehand on the base 21, and just to po-Grrn repsta- growth m 
the state where a tasst surface expresses, in order to specify a concavo-convex position. 
[0033]Tbat is, stripe shape arrangement of the opening of a mask is earned out in the pitch of P-- 400 
micrometers so that it may become parallel to the [1-100] direction of a GaN crystal and shape of the mask 

c c 0 n*- < r < may be made «m ngemem vHc o < » a e on s 

sequence as each dot f 3 rm. Henceforth, in this example, when an interval fenws the shape of striae shape at 400 
micrometers, example description of ******** of the GaN board Is carried cut. cut there -s no necessity 



of restricting the interval o f an opening to 400 micron eters. ft Is jssiraeis. not less than 1 00 micrometers is at 
best still more dssirab e. and. as for this interval, not less than 200 micrometers and 6DD micrometers or less are 

[0034]lf it is attached to U e technique (growing condition) of making crystal growth maintain after the facet 
surface [11-22} side 23 has expressed, these people, am indicating in detail to the JP,2001-102307.A public 
relations which applied obviously. Tn& crystal w oco grows is used as a n t>pe with cooing oxygen as the time of 
growth. 

crystal growth Is n-ada to maintain, after the facet surface 11 1 —22} side 23 has expressed, and the 
Ingot by the , . — * ; n type GaN layer 22 is produced on the base 21 like drawing.! Jh; hy continuing 
formation of a GaN crystal further At this time, the facet surface according to viva snaps of the mash used as o 
seed is formed on that surface. That Is, when the pit which consists of facer surfaces when a mask serves as a 
dot form pa s f c * a.- erves as a pattern of stripe shape, the facet surface of V 

shape Is formed. 

0036 S k ye n cs a - 7 GaN lay- 22 a 

GaN board) is obtained. Pollening work of this flake is carried out and the n type GaN board 10 which are 2 inch 
diameters with the Oat surface which is expressed wt» s * ew < I ^ 

drawing 1 (d), and 350 micrometers in thickness is obtained. Then, by grinding by grinding the surface of the n 
type GaN board 10. fattening cf the -t « can bo carried out and it can change inta an usable state. That is, 
this n type GaN board ID. Use surface for growing spitaxiaily is considered as mirror-polishing finishing, 
[003?]Although this surface was made mostly (0001 5 into the field, In order the morphology of the nitride 
semiconductor layer which grows epltaxially upwards is flat and to become good. 00001 i is oo \ % to have an 
OFF angle in 0.2~1 degree in the arbitrsry directions from a field, arid in order to make It especially surface 
surface smoothness become the minimum, it Is preferred to consider It. as the range of 0.4-0.8 degree. 
[OOSSjThus, the surface of the n type GaN board 10 constituted was oos o/ed i i v n 

The surface by which polishing work was carried out is not necessarily flat, and unevenness has produced It. 
That e the fie d co respc dngt the field 24 which the maximum pars basiiaris ossls occipitalis of the crevice 
had produced at the time of the crystal growth In drawing..!. has become depressed a little, 

» v. - t >* " - s a svnr-pie osc pumv^e es.cc 

of sulfuric m ■ ■ .:■ :. :dc acid at 250 **. and was made for the e;c> p't who a e«*ro 
come out to the surface. As a result, since many etch pits appeared In the Held corresponding to the field 24. It 
became clear that the rearrangement was concentrating on this field extremely. Since the rearrangement is 

> x . — < a* sos.des described, It is easier to be eroded bv a poilshmg 1 - m 

* )o - the hollow produced and was generated 

[0040]Tho width of the field 24 which this hollow proceed was about 10-40 micrometers. Fields other than this 
field 24 are the low dislocation fields of EPDCetch pit density) 10 4 ~a 10 S cm~ 2 stand, and triple or more figures 
'.EPD «f the f* 124 s lam ' er than this. Thus, since severe figures are t - I mge am 

d equ v^t°"t c abc e 
region co pared with the - mfe ice, the field 24 which a hollow produces is called henceforth "dislocation 
concentrated regions" on these specifications 

[0041] Unlike other fields on a substrate, these dislocation concentrated regions 24 Had a case where polarity 
was reversed. That is, in the surface position of the n type GaN board 10, fields other than dislocation- 
concentrated-regions 24 are plane directions which Ga (gallium) exposes, and the field of the dislocation 
•v <. * i a* j » M * sase w**ere it was a plane direction which N (nitrogen; exposes. These dislocation 
concentrated regions 24 have some states including such a state. That is, when it is a single crystal when 
consisting, of poiycrys t >ss t u id ef eld fo 1 ; ie c axis of the 

[0001] directions may be reversed to the low defect field of the above circumferences. Such dislocation 
concentrated regions 24 have a clear boundary, and are distinguished from the surrounding field. 

5iet ays an Hg lamp 365nn uminescent car b s e GaN 

board 10 used as a sample, end fluorescence microscope observation was performed for the luminescence from 
the surface using the microscope. As a result, the field of stripe shape which had a boundary In the center of the 
„ s i 0 < to the d;s c centrated eg is 24 oomparati ere the 

e differs from contrast Is observed. This fieid has luminescence e one stronger than 1 
circumference observed with the naked eye, and a little yellowish luminescence is a Oslo observed brightly. 
[0043]The bright field 25 of this observed luminescence is the portion (0001} sides were growing expressing at 
the time of crystal growth. Thus, a dopant takes being observed unlike the circumference and it can consider r.he 
reasons of ****** differing from the circumference- Therefore, this field 25 is hereafter called a "high 
luminescence field." S nee the portion {0001] sides grew at the time o ; crystal growth expressing v\as not 



necessary what advances uniformly with ths same width, although the width of the high luminescence field 25 
had fluctuation a tittle, it was e 0 to 30~rnicrometer grade. 

[O044]The crystal growth method for formation o s such a n type GaN boara >0, Also with vapor phase epitaxy 
other than ths HVPE method, it is good and The MOGVD method (Metatorganic Chemical Vapor Phase 
Deposition) It can carr\ t even if t uses MOVPE method (Metabrganb Ohbrsde Vapor PheseEpitaxy) the 
n! > i, v,^ r. ;; y---.- ; - [0045jAs the base 21 used for the growth for formation of the r type GsN board 10. ths 

c A a 0 s Tt ~!^^> " ^ <r m^e ^ tna^ 

GaAs 8 times can be used. That Is, as a crystal system, it is a single crystal of a hexagonal system or cubic 
system (Cubic symmetry), if a field is used in the case of cubic system w ee > ^ stry 3 times. The 
single crystal of hexagonal systems, such as sapphire. SiG : SiO ?! NdGaO,,, ZnO : GaN, AiN, and 2r8 2 . can be used. 
The held (111) board of cubic system, such as Si, a spinet MgO, and Gap, can also bo used, These grow up Gab! 
In a field (0001), 

[0046]There are also two kinds of how to provide the mask for formation af tea n type GaN board 10, One is ths 
technique of forming a mask directly on the base 21 In this case, the device of u a GaN butler layer on 
i ia.er s needs ^a technique of 

forming the GaN layer thinly beforehand on the base 21 . and forming a mask on it L tin it es smoothh 

and its growth is more preferred in many cases. 

[004 .t t> ****, an is made and formed, and a 1st emhoameot cf the mtride 

m >k { mt wr> ^ « ed using the ntype GaN board which has dislocation concentrated 

gion d described below with referemw 

, -a r - - semiconductor laser element of this invention. The high 

n t sesc s 

h **** . oresslonflim — the growth suppression film do I 

surface of this n type GaN board 10. In the n type GaN board 10 surface, this growth suppression him 13 is 
formed so that the transition concentration field 1 1 (it is equivalent to the transition concentration field 24 cf 
drawing 2) may be covered. When this growth suppression film 13 laminates a nitride semiconductor layer to the 
n type GaN beard 10 and constitutes a nitride semiconductor laser apparat 

prevents succeeding a rearrangement in the growth film on the n type GaN board 10. Therefore, about the 
growth suppression him 13, the material in which epitaxial growth of t*e ^ " ! ecomes 
d:fficu:t from this growth suppression mm 3 3 is used According to this embodiment, S<0, ( silicon oxide) was 
used as «. ' presslon film 13 

[0049] After it installs the a type GaN board 10 in an electron-bean ~ 

nam - * « -earn - . m ee of vacuum, SiU is controlled to become a thickness of 0.2 micrometer and a 
SiO. ? film Is formed in the surface of the n type GaN board 1.0, Then, the growth suppression him 1 3 is formed by 
etching the vapor-deposited S\G, dim using a simple photolithography, so that only the olswcsbon vonoom.rated 
regions 11 of the n type GaN board 10 surface may be covered Sire* the > 

< a v . \ wdth oi the growth suppression film 1 3 to cover to 50 

rilcrometf s ? s way. a < ystal grows from ths owm j 

(0G5G]Aithc igl - N was used as t ie grow; suppression film 13 in this embodiment, metal, such as silicon 
compounds, such as Si 3 N a , tungsten (W), titanium (TO, may be used similarly. Although the thickness of the 
yon 1 s suppression film 13 to cc ( n t is 0.05 * de< 

t m 1 " F"OV\ + 1 SuOp 5 

> tt r ove'the diSiOcat n - e- * ^ ? <• < -m v - v 
„> , e ? 1 Sv.^ ow conoucro to be performed to the low dislocation held 12. 

[005 1 jUsing the epitaxial growth I0OGVD system of a nitride semiconductor- layer, to the n type GaN hoard 10 2. 
\^ Sum o group ill material, or TEGa (triethylgaliium). SiH 4 as a. dopant 

vi GaN layer 101 of 3 micromete trate 

temperature cf "1050 **. using hydrogen or nitrogen as raw material carrier gas. Subsequently, with the substrate 

trlmetryiindium as c g f p <H matera" is ado ! o <■ v <^ m% 

material and 40 nm of n type ln s07 Qa a33 N crack prevention layers 102 are formed. 

xt bstrat* on at ore carries out temperature up to 1050 **, and forms 1 i ntype 
alummum-j 1*0^ N cladding layer 03 cf ? micrometer thickness using the grouo IH v -0 1 > v - 
Urlmethylalumlnum) or TEA! (tristhyiaiuminum). The dopant raw material was adjusted so that SI might become 
5x10 t? cm~ 3 - 1x10 * s cm~ 3 as said n type Impurity Then, the n type GaN light guide layer 104 (Si-impurity 



ncentra r;m med s * ^ o < a o 

[OOSSjThen, the active save;' (multiple quantum well structure) '05 which lowered substrate temperature to 750 
^ <-nd comprmed an !n r .Ga^.N wall iayer of 4 am ed thAkneas of three cycles, and an m r ,^Ga n;sa N barrier 
layer of 8 rsm of thickness. It forms In order of a barrier layer / well layer / barrier layer / well layer / barrier 
layer / well layer / barrier iayer. In that case, SiH 4 CSHmpurity concentration is 1x10 16 ~ 1x10 !iS cm~ 3 ) is 
f formation * both the time of formation of a Pa <• er !a>e* c$r a ba sm ! o*. 

c - w a ' id gro - > c - t s i-. 

d s ea id - ;soom or com - ? s rfac« smooti jss oi each dass mproves umtnese* a hall 
breadth decreases, and it is desirable. 

[0054]Wbsn As Is added b sue active aver 05, AsH., (arsine), TSAs (tsrtiarybut\ srs e), or TMAs (irimethyl 
ars -v % D -i - - =■ •< - " > y m _ v "d- 2 t \ ' o v ^ T V" 

Ctrimethyl pbosphine). When Sb la addad by the active iayer 105, it Is good to add TMSb {trlmethy! antimony) or 
TESb (trlethylantlmony), respectively. When the active layer 10S is formed, aAde raw materials, such as 

ydrazine raw ma l,H N a sed as 

an N raw material in addition to NH^. 

[OOoojlf penetration dislocation occurs in a quantum well at the active iayer 105 As or when domg P addition of 
md consid€ *yer when it has an hi e lave* 

the active layer tQ5 and, it is known that In will carry out a segregation to a rearrangement portion. Therefore, to 
use for an active layer the quantum well which uses the above-mentioned !n x Ga t _. y N as a main constitution 
element. It Is requir ed in order for transposing as few as possible do n - ' . < st 1 

characteristic. 

N temperate e up of the substrate temperature is again carried cut to 1050 ** The p type 
aluminum,, ,0;n f ,N e * . ::mg awm 108 of 107 or 0.5 micrometer of p type CAT ^ so cers e f 106 or 0.1 
micrometer of 20-nm-thiok p type aiuminum 03 Ga 07 N carrier block layers and the 0.1 -micrometer p type GaN 
contact layer 103 are formed one by one. Under the present circumstances, EtCP^Mg (screw 

" \ rv: x u - i t ~ hta 

become 1x10 ^enf* ™ 2x10 2S cm"" 3 . As a Mg raw material. Mg raw materials of other cyoiocenta systems, such 
as magnesium cyelopeetadlenyl and screw methylcyclopentadienyl magnesium, may be used. 
A ' •> > ^ pu z concentration of tm , ,p ~ \ 

0 type impurity concentration toward the direction of the p electrode 15, The contact resistance at the time of 

- ^ - >ea<^m in cde to remove rs ~ 

small amount of oxyg nay be mixed r « 

growth. 

058JT 5N contact ayes 103 ail the ins e n D syst< 

changed into nitrogen carrier gas and NH g . and substrata temperature is dropped at 50 ** a rate for /. When 
substrate temperature ;moa to i 50C -< s h< ; count of supply of NH^ ; ppec a d as ; - 0: ainirsg 
substrate temperature at 300 ** and standing by. substrata temperature is dropped to a room temperature for 5 
minutes. As for this standby temperature, for 850 to 900 ** Is preferred, and the standby time of 10 or less 
minutes is preferred 3 minutes or more, The attainment speed at the time of dropping substrate temperature has 
the preferred above by 30 **/. 

[OObOithns. as a result of tne produced nitride semiconductor aye I e 0 ms 

t is wafer picking fr< N stem echmque since Mg Is L pemzed 

annealing after carrying out is not performed, the characteristic of p-type~izing Is already shewn after growth,. 
The contact resistance by formation of the p electrode 15 is also reduced. When carried cut by the conventional 
p type-teed annealing combining, the activation rate of Mg improves more and is preferred. * NOTICES * 

JPG and HIP IT ars act responsible for any 
damages caused by the usa of this translation. 

1 .This document has been translated by computer.^ ^So the translation may not reflect the original precisely, 
2. 5 N«** shows the word which can net be translated, 

3. In the dr awings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Dra win g llThe figure shewing the manufacturing process of a n type GaN board. 

y\rg Pe r *e nal configuration of r nst de semieo^o 1 <. * 

QaN board. 

rDrowmg 4] The secbcnD view showing signs that the nitride semiconductor layer was laminated on the n type 
a * ;ar i 

[Drawing 5jThe sectional view showing signs that the nitride semiconductor saver was laminated on the n type 
GaN beard 

[Drawing SjThe figure showing the GaN -srystai growth process in a 2nd embodiment 

[Drawing 7}Thi a c is ir I < 0 ation of the semic tor op spa s whle 

has a nitride semiconductor lassr element of this invention. 
[Description of ' mm - ■- 
ION type Da hi board 

1 1 Dislocation concentrated regions 

12 Low dislocation field 
I Grcwt * v~ 

5 4 Daec seao vs sgc- 

1 8 H type electrode 

21 Support base 

22 N typo GaN layer 

23 Facet surface 

24 Dis oca: :m concentrate - 
?S ■ gh minosc ce t; 

26 (000 H sides 

101 Ntype GaN layer 

102 Greek prevention layer 

103 M type clad layer 

\ - v N " -v- Uyer 

105 Active layer 

106 Carrier block layers 

107 P type GaN light gelds layer 

1 09 P typo contact iayer 



[Translation done,] 
* NOTICES * 
P( and Nf 

damages caused by ths us? of this translation. 

I This oocomeni has been translated by computer. So the translation may not reflect the original precisely, 
. *■* sbo^s -D \m m c\.r ^os be translated 
Sin the drawings, any wards are not translated. 
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